In this paper we present a new doping technique that uses a pure boron AP/RPCVD deposition in a commercially available epitaxial reactor to form less than 2-nm-thick δ-doped boron-silicide (B x Si) layer on the silicon surface. For deposition temperatures from 500 to 700 ºC the B 2 H 6 gas source will in first instance chemically react with the Si surface leading to B adsorption and B x Si formation. For long exposure B segregates at the surface to form a very slow growing amorphous layer of pure B (α-B), (Figs. 1-2) . Just like conventional boron-doped Si-epitaxy processes, this process does not introduce defects and there is consequently no transient-enhanced diffusion (TED) during thermal annealing.
The electrical properties of the as-deposited α-B/B x Si stack have been studied by fabricating and measuring diodes where the B-depositions are formed directly in the diode contact windows and metallized by PVD Al/Si. The diode I-V characteristics for different B-deposition times are shown in Fig. 3 , which also includes the case without any B-deposition, i.e. a Schottky contact directly on the ntype substrate is formed. Compared to this latter case, the B effectively decreases the saturation current and a transition is seen from the high-current Schottky to the low-current p + n diode situation as the deposition time increases. The series resistance that attenuates the current at high forward voltages decreases dramatically as the Bdeposition starts and is at a minimum for the 20 sec deposition. This effect is similar to what has been reported by Connelly et al. [1] where integration of subnm thick nitride layers is found to decrease the contact resistance of Schottky diodes. When a significant α-B layer has formed, the series resistance starts to increase dramatically since the α-B layer has semi-metallic properties with a high resistivity of ~ 10 6 Ωcm. Two properties may pose limitations on the use of the as-grown B x Si layers as either S/D extensions or contacts:
-while the sheet concentration is much higher than 10 15 cm -2 , the active B doping concentration is limited by the solid solubility at the deposition temperature. The sheet resistance of the B x Si layer is ~ 10 kΩ/sq for a 700 ºC deposition; -the formation of the α-B layer and the associated series resistance is pattern and surface-roughness dependent, since a thicker layer forms at the contact window edge and on rough surfaces. In some situations the α-B layer can be removed by standard cleaning in HNO 3 followed by a HF dipetch to remove the resulting cleaning oxide. This process will, however, also remove a substantial part of the B x Si layer and significantly increase the B x Si sheet resistance.
On the other hand, the α-B/B x Si deposition technique has several attractive properties with respect to the integration of the p + n diodes. For example, perfect B coverage and associated diode characteristics can be achieved on etched surfaces as for example in trenches. Moreover, in combination with rapid thermal or laser annealing the presence of the α-B layer becomes a great advantage:
-the α-B acts as a capping layer that prevents B desorption from the B x Si layer and also gives an abundant supply of boron that can be diffused into the Si substrate. This method offers a high doping efficiency and a good control of the resulting junction depth; -for out-diffused junctions the removal of the α-B is no longer an issue.
In summary, it has been demonstrated that the presented doping technique can be used to form highquality δ-doped p + n junctions. In particular, the formed α-B/B x Si layer is an attractive TED-free source of highconcentration B dopants for rapid annealing processes. Fig. 1 . TEM image of the α-B/B x Si layer stack for a 10 min boron CVD deposition at 700 ºC. The layer is covered with 100 nm PVD α-Si. Fig. 2 . B SIMS profiles of the α-B/B x Si layer stack for 1 sec -10 min boron CVD deposition at 700 ºC. The layer is covered with 100 nm PVD α-Si. The wide peak of the 10 min sample is due to the SIMS knock-on effect in the α-B layer. The point of peak B concentration is moved to 100 nm in all cases. 
